Prologue
The subtropical gyres of the world are extensive, coherent regions that occupy about 40% of the surface of the earth. Once thought to be homogeneous and static habitats, there is increasing evidence that mid-latitude gyres exhibit substantial physical and biological variability on a variety of time scales. While biological productivity within these oligotrophic regions may be relatively small, their immense size makes their total contribution significant. Global distributions of dynamic height derived from satellite altimeter data, and chlorophyll concentration derived from satellite ocean color data, show that the dynamic center of the gyres, the region of maximum dynamic height where the thermocline is deepest, does not coincide with the region of minimum chlorophyll concentration.
The physical and biological processes by which this distribution of ocean properties is maintained, and the spatial and temporal scales of variability associated with these processes, are analyzed using global surface chlorophyll-a concentrations, sea surface height, sea surface temperature and surface winds from operational satellite and meteorological sources, and hydrographic data from climatologies and individual surveys. Seasonal and interannual variability in the areal extent of the subtropical gyres are examined using 8 months (November 1996 -June 1997) of OCTS (Huang and Russell, 1994) . The horizontal and vertical motion in this layer plays a significant role in controlling the interaction between the atmosphere and ocean, which is of vital importance to our understanding of the oceanic general circulation and climate (Huang and Qiu, 1994) . The gyres are characterized by a deep pycnocline at their centers and strong horizontal gradients of temperature (T) and salinity (S) at the fringes due to pycnocline outcropping.
The flow in the western limbs (western boundary currents) is intensified by the latitudinal changes of the Coriolis acceleration (_ effect), while the flow is relatively weak in the gyres' eastern parts. The broad region of relatively weak flow occupies most of the gyre and is called the Sverdrup regime (Pedlosky, 1990) . The dynamic center of the gyres can be identified by a maximum sea surface height (SSH) where the Ekman flow converges and the thermocline subsides via Ekman downwelling. The thermocline shoals in the mid-latitudes, where thermocline isopycnals outcrop at the surface, and at the equator, where Ekman flow divergence promotes upwelling. These two regions define the north and south limbs of the subtropical gyres, respectively. From a biological standpoint, the interior of the subtropical gyres are regions where nutrient supply to the euphotic zone (-100 m) is minimal and concentrations of nutrients and biomass are relatively low throughout the year. While biological productivity within the oligotrophic regions of the gyres may be relatively small (Hayward, 1987; 1991; Jenkins and Goldman, 1985; Jones et aL, 1996; , their immense size makes their total contribution significant. An important biological characteristic of the subtropical gyres is the large variability in phytoplankton growth rates with minimal changes in biomass (Laws et aL, 1987; Marafi6n et aL, 2000; MalTa and Heinemann, 1987) . Understanding the interactions between physical and biological processes within the subtropical gyres is central for determining the magnitude and variability of the carbon exported from the surface to the deep ocean.
Once thought to be homogeneous and static habitats, there is increasing evidence that subtropical gyres exhibit substantial physical and biological variability on a variety of time scales (Karl and Lukas, 1996) . Ecosystem indicators in the subtropical gyres, such as biomass, chorophyll-a (chl-a) concentration, and new and export productions, respond to climate variability (Karl et aL, 2001; Oschlies, 2001 ). This physical-biological coupling between the climate cycles, e.g., E1 Nifio-Southern Oscillation (ENSO), the Pacific Decadal Oscillation (PDO), the North Atlantic Oscillation (NAO) and the Antarctic Circumpolar Wave (ACW), and ecosystem dynamics is a consequence of altered nutrient flux pathways that result from changes in the stratification and circulation of the subtropical gyres. Climate-induced variations in community structure and biogeochemical processes of the North Pacific subtropical gyre (Karl e t al., 2001 ) and the North Atlantic (Ottersen et al., 2001) have been linked the PDO and NAO, respectively.
A more complete discussion of these modes of climate variability and their effects on marine ecosystems is provided in the Appendix. This paper examines five major gyre systems, i.e., the North and South Pacific, the North and South Atlantic, and the southern Indian Ocean, and provides brief initial analyses of the relationship between gyre physics (dynamics and hydrographic structure) and surface biology as observed in satellite ocean color imagery, the seasonal cycle of forcing and upper ocean phytoplankton response within the gyres, and the observed interannual trends in the oligotrophic gyre spatial extents and mean chl-a concentrations. Some inferences regarding the couplings between the gyre ecosystems and physical forcings (circulation, hydrography, and climate variability) are suggested, but more definitive discussions will need to be based on longer satellite ocean color time series and modeling studies.
Data Sources
The main data set for this study is a 5-year time series of ocean color global monthly composites originating from the Japanese Ocean Wang et aL, 2002) . Prior to the derivation of the vicarious calibration adjustments to the prelaunch SeaWiFS calibration, sensor degradation is removed using a time series of monthly lunar images collected at about the same lunar phase angle (Barnes et aL, 1999; Barnes et aL, 2001) . The lunar calibration results in a very accurate characterization of the sensor stability. The SeaWiFS data is from reprocessing #4 which was completed in July 2002 (see the SeaWiFS homepage for more information).
In situ data for validation of chl-a retrievals inside the most oligotrophic regions of the gyres are sparse, e.g., the western North Pacific and the southern hemisphere gyres. However, sections from the Worm Ocean Circulation Experiment (WOCE) and occasional cruises into these regions are available, e.g., the South Pacific (Chavez et aL, 1995) .
Other ancillary data sets were used in the analyses including the Reynolds and Smith (1994) SST monthly products, the T/P SSH anomaly (SSHA) monthly grids (GSFC Ocean Pathfinder database), Ekman vertical velocities derived from NCEP winds, climatological T, S, nitrate concentration, and mixed layer depth (National Ocean Data Center Ocean Atlas 1998), and three-year (1998) (1999) (2000) monthly averaged photosynthetically available radiation (PAR) derived from SeaWiFS (unpublished algorithm by Robert Frouin and others).
Results and Discussion

Offset Between the Dynamic and Biological Gyre Centers
In many areas, such as upwelling regimes, the surface topography is correlated with the thermocline depth and, therefore, the nutricline. This correlation has been used by Turk et al. (2001) , for instance, to infer new production in the equatorial Pacific. However, the dynamic center of the gyres does not coincide with the "biological" center of the gyres, i.e., the region of minimum surface chlorophyll-a (chl-a) concentration as derived from the SeaWiFS data set. Figure 1 shows color plates of the global dynamic height (December 1997 -December 2000 derived from TOPEX/poseidon (T/P) SSH and global surface chl-a concentration from SeaWiFS (average of January 1998 -December 2000). The gyres are highlighted by the white boxes, which also delimit the regions to be analyzed. 
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Chl-a for Jan 98 -Dec O0 The location of minimum surface chl-a concentration is indicated for each gyre by the white dots. Clearly, the minimum chl-a concentration does not coincide with the dynamic centers of the gyres (maximum dynamic height and depressed thermocline), especially in the Pacific where the distance between the dynamic and biological gyre centers for the North Pacific and South Pacific is 3400 km and 9200 km, respectively.
This pattern is counter-intuitive because the location of the maximum dynamic height is an indication of maximum thermocline depth and, presumably, the deepest nutricline. The correspondence between the thermocline and the nutricline does vary for a variety of reasons, e.g., the origin of the source water and differing time scales of local physical and biological processes. However, to the first order, this apparent discrepancy canbeexplained by thedynamical behaviorof thegyresasexemplified by theNorthandSouthPacificgyres. Kleemanet al. (2000) showed that the observed subtropical North Pacific gyre circulation has a shift in meridional location with depth. At shallow levels (-100 m), the gyre center, identified as the minimum density and highest sea level, is at approximately 15°N. The gyre center is shifted northward at deeper depths; -22°N at 300 m, and -30°N below 400 m. Using analytical solutions of the beta-plane shallow water equations, Kleeman et al. (2000) argued that such a shift can be explained by the effects of oceanic dissipation processes. The highly damped solution is proportional to Ekman pumping (downward velocity), while the lightly damped case tends toward the classical Sverdrup solution. The Ekman pumping pea_ks near 15°N while the Sverdrup solution for pressure peaks at 30°N. They demonstrated that there are two factors that explain the observed shift in the North Pacific subtropical gyre. First, density deviations in the upper ocean are more strongly influenced by higher order baroclinic modes than those in the deep ocean, which are influenced by the lower modes. Second, dissipation processes act much more strongly on the higher order baroclinic modes because of their slower speeds and smaller Rossby radii. In terms of biological response, the chl-a minimum ( Figure 2 ) is located at the latitude of the peak Ekman downwelling (minimum We) near 15°N, the upper-ocean gyre center where the nutricline is deepest (Figure 2 ).
Of the gyre systems, the South Pacific gyre is the most distinct (Morris et al., 1996) , because the boundary current, recirculation zone, and quiescent eastern regions are more clearly separated due to the large area of the South Pacific Ocean. Also, this gyre has the largest shift in location with depth, but the dissipation effect may not be the main cause of the shift in meridional location with depth. Instead, surface heat and freshwater fluxes may play a major role in the shift. As shown in Figure 1 , the observed maximum dynamic height (near 5°S, 160°E) is located in the relatively shallow Warm Pool where the density deviation pea_ks due to the warm and fresh waters occupying that site. Figure 2 ), respectively. Figure  3 shows T, S, density, nitrate, and geostrophic current transects along the maj or axis of the South Pacific gyre. The high salinity core is a result of water vapor divergence out of the subtropical high (Chen et al., 1994) . The vectors along the surface of the temperature transect represent the Ekman vertical velocity, indicating that there is downwelling on the southeast (SE) side and upwelling on the northwest (NW) side at the Warm Pool. There is a secondary northwestward flow that ensues, which can be traced by the spreading of the high salinity core. This secondary flow tilts the gyre axis towards the NW within the upper 250 meters. The two wide arrows indicate the positions of the minimum chl-a and the gyre center, i.e., where the geostrophic surface flow reverses. The chl-a minimum coincides with the crossover of the zero velocity contour and the 4 glVl nitrate contour at -250 m, and corresponds to the location of the deepest nutricline. Figure 4 shows the equivalent transects for the minor axis of the South Pacific gyre. The same secondary flow pattern and the tilt of the gyre axis are evident in these transects. Finally, Ekman pumping peaks near 25°S, 118°W, the location of minimum chl-a concentration and deepest nutricline (-300 m).
Seasonal Cycle of Physical Forcing and Biological Response
The seasonal circulation in the subtropical gyres is driven by seasonal changes in the wind field. This seasonal strengthening and weakening of the gyres causes vertical displacement of the thermocline and nutricline as a response to baroclinic adjustment and Ekman pumping. The biological response to the nutricline vertical displacement is a corresponding seasonal change in the size and location of the oligotrophic regions of the subtropical gyres. This is evident in Figure 5 , which shows seasonal climatology from the first four years of SeaWiFS chl-a concentrations.
The white circles indicate the climatological location of the chl-a minimum. The white boxes delimit the analysis regions and the white contours indicate the 0.07 mg m 4 chl-a concentration, which are used hereafter to determine the size of the oligotrophic regions of the gyres. In the southern hemisphere gyres, the maximum contraction of the oligotrophic area, or the maximum chl-a concentration, occurs in the austral winter. Alternatively, the maximum expansion of the oligotrophic areas occurs in austral summer. The northern hemisphere subtropical gyres have the opposite phasing with respect to the seasons.
The seasonal global distribution of the climatological depth of the 2 glVI nitrate concentration (ZNO3) is shown in Figure 6 . The minimum chl-a concentration is usually near the deepest ZNO3, indicating that the interior regions of the subtropical gyres are nutrient limited throughout the year, although other nutrients, i.e., phosphate and Fe, may be limiting as well. Artifacts due to poor in situ coverage are apparent in some locations, e.g., the western North Pacific near 15°N.
The seasonal cycle of physical forcing and biological responses for the North Pacific, South Pacific, Indian Ocean, North Atlantic, and South Atlantic gyres are shown in Figure 7 . The time series plots are area averages (Figure 1) of We, PAR, MLD, SST, SSHA, and the fraction of pixels (Achl) inside the study regions with chl _ 0.07 mg m 4. Of these parameters, the mean Ekman upwelling appears to be unique for each gyre in terms of the shape and amplitude of the seasonal cycle.
In the North Pacific gyre, the largest Ache, corresponding to the minimum chl-a concentration, occurs in September, the trade wind minimum (Wyrtki and Meyers, 1976) , when the thermocline is deepest, downwelling is maximum, and the MLD is shallowest. The smallest Ache, corresponding approximately to the maximum regionally-average chl-a concentration, occurs in January when the thermocline is shallowest, upwelling is near maximum, and the MLD is deepest (-70 m) . Therefore, the seasonal variability of the size of the oligotrophic region is driven by a combination of mixing (as indicated by the MLD), downwelling, and thermocline displacement. The fractional size of the South Pacific gyre reaches a minimum in July-August as the mixed layer approaches its greatest depth in September. Downwelling is weakest from March through September. The SSHA decreases from April through October, indicating a steady upward displacement of the thermocline. Vertical mixing seems to be the predominant factor driving the changes in the size of the oligotrophic region in the South Pacific gyre. • _-> The central South Pacific gyre has the lowest chl-a concentration of the global oceans. Figure 8 shows a time series of OCTS and SeaWiFS chlorophyll, PAR, and SST-derived MLD at 28°S, 105°W (solid line). An analytical expression for MLD was obtained from a linear correlation with climatological SST (r2=0.72). The interannual MLD time series was computed using the analytical expression and monthly SST values (Reynolds and Smith, 1994) . The time series for equivalent parameters at the location of the minimum chl-a (25°S, 117.5°W) inside the gyre (dashed line) are also plotted for comparison.
The March 1994 chlorophyll value (-0.02 mg m 4) observed by Chavez et al. (1995) at 28°S, 105°W is repeated every year on the time series for comparison (shown by the black triangles). The largest chl-a values in the time series (marked by the vertical dashed lines in Figure 8 ) occur during the austral winter when the mixed layer is deep and the phytoplankton produce more chlorophyll in response to photoadaptation to lower light levels imposed by deeper mixing. This chlorophyll response to photoadaptation has been demonstrated in the North Pacific gyre (Winn et al., 1995) . Photoadaptation in the highly oligotrophic regions of the gyres is the most probable cause of chl-a enhancement since winter nutrient renewal in the euphotic zone is limited because the nutricline (Figure 6 ) is much deeper than the mixed layer ( <100 m).
Similar descriptions can be outlined for the Atlantic gyres. The North Atlantic gyre is characterized by maximum downwelling between January and June. The MLD shallows rapidly during March through May and generally leads SST. SSHA is most negative in March and most positive during September-October.
Ach_is minimal in December-January and has a broad maximum during May-October.
In the South Atlantic, downwelling is strongest in October-November.
The MLD is deepest in August and generally leads SST. SSHA is relatively flat compared to the North Atlantic. Finally, the South Atlantic and South Pacific gyres have strikingly similar cycles of forcing, except for Ekman downwelling, and responses. In the Indian Ocean, the fractional size of the oligotrophic region of the gyre is directly correlated with downwelling intensity (Figure 7 ). This means that, as downwelling gets stronger, the chlorophyll concentration increases. This biological response to the physical forcing is counterintuitive.
A plausible explanation for this apparent discrepancy will be offered later in this section through further analysis. The North Atlantic and South Atlantic gyres have biological responses consistent with the MLD, SSHA, and We seasonal forcing.
The cross-correlation and lag between Ach_and MLD, SST, SSHA, and We for all five gyres are summarized in Table 1 . This table shows cross-correlation and lag in months between the fractional size of the oligotrophic area and the physical forcing for all gyres. The correlation coefficients are fairly large for all variables and quantify the conclusions discussed above. The sign of the correlation coefficients are consistent with the biological response to physical forcing as outlined above, except for the Indian Ocean gyre. I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I (Chavez et al., 1995) . The observed value is repeated every year for comparison. (2) Achl = Area fraction with chl _ 0.07 mg m 4 (3) 5-year MLD time series produced from WOA94 monthly climatology Figure 9 shows Indian Ocean SST, We, SeaWiFS chl-a, and surface currents for two 3-month periods: January through March and July through September. The surface currents are a combination of T/P-derived geostrophic currents and Ekman drift. Note the intensification of the northeastward flow along the southern boundary (white box) of the gyre in austral winter. The location of the subtropical front (STF) is marked by the dotted line using the 15°C isotherm at the surface, as the STF is marked by a strong temperature gradient between 14°C and 15.5°C (Read et al., 2000) . The stronger flow is accompanied by a northward displacement of the STF, downwelling intensification, and a reduction in the size of the oligotrophic region. This raises the question as to whether there is an increase in the northward flux of nutrients resulting from the flow intensification. Table 2 summarizes the seasonal changes in physical forcing, nutrient flux, and biological response of the Indian Ocean gyre. The nitrate and phosphate fluxes were calculated using the surface currents and seasonal nutrient climatologies.
The pattern seems coherent with the northward displacement of the nutrient rich STF. During the austral winter, the Indian Ocean gyre has colder SSTs, a shallower thermocline (lower SSHA), a deeper MLD, stronger downwelling, more chl-a, and a smaller Achl. Both nitrate and phosphate northward fluxes increase in winter, which supports the hypothesis of nutrient renewal by the frontal migration. 
Long-term trends'
Although the available ocean color record is still very short to unequivocally correlate climate variability indices to observed trends in biomass, some consistent patterns are emerging. Figure 10 shows the time series of Achl for the gyres. The seasonal range is significant for all gyres and all gyres display systematic trends. The North Pacific and North Atlantic gyres have upward trends, while the Indian Ocean, South Atlantic, and South Pacific gyres have downward trends. This leads to the conclusion that the northern-hemisphere gyres are getting larger, while the southern-hemisphere gyres are getting smaller. The slopes were computed using only the first 5 years of data because the final year is incomplete by two months. The largest upward trend is in the North Atlantic, a 3.8%/year fractional size increase. The Indian Ocean has the largest downward trend, a decrease in fractional size of the oligotrophic region of about 3.3%/year. The net total change, computed as the sum of all slopes, is 0.22%. Figure 11 shows time series of the mean chl-a concentration within each of the domain boxes. In cases where Achl expands (Figure 10 ), the average chlorophyll concentration decreases (Figure 11 ). This is clearly shown by the opposite phases of Ach_and chl-a seasonal cycles. The amplitude of the mean chl-a seasonal cycles in the Indian and South Atlantic gyre domains are the largest, i.e., 0.05 to 0.12 mg m 4. The amplitudes of the seasonal cycles at the locations of the climatological minimum concentration (not shown) are also largest for the Indian and South Atlantic Oceans. The long-term trends of Achl and mean chl-a are also anticorrelated. While the limited areas selected for the gyre analyses indicate trends, the SeaWiFS Project sensor stability analyses using the derived weekly global mean normalized water leaving radiances and chl-a for both deep water (deeper than 1000 m) and clear water (concentrations -< 0.15 mg m 4) regimes show no long term trends. This implies hemispheric trends in the gyre areas are indeed nearly balanced as suggested earlier.
Also, excluding the OCTS data from the time trend analysis (Table 3) does not change the sign of the trends, although the slopes are altered. The same is tree for the regional mean chl-a trends, except that the North Pacific trend changes from slightly negative to positive. The consistency between the OCTS and SeaWiFS data can be questioned, although every effort was made by (Wang et aL, 2002) to ensure compatibility.
In addition, the OCTS and early SeaWiFS data sets straddle the 1997-1998 E1 Nifio-La Nifia making it difficult to evaluate potential biases, especially in the OCTS data which has a shorter data record and less validation data.
Observational evidence for interannual to interdecadal variability in the intensity of ocean gyres has been previously reported. In the Indian Ocean gyre, as demonstrated earlier, nutrient enrichment is largely driven by the migration of the STF. However, there is evidence that other mechanisms may be also responsible for the downward (upward) trend in the Achl of the Indian Ocean gyre. Bindoff and McDougall (2000) compared historical T and S data (median date of 1962) with a hydrographic section at a mean latitude of 32°S in OctoberNovember 1987. They estimated a decrease of the gyre rotation rate of about 20% at the depth (410-830 m) of the Sub-Antarctic Mode Water (SAMW). The estimated rotation rate change decreases almost linearly with greater depth to zero at the oxygen minimum in Indian Deep Water (IDW). The temporal difference between the synoptic and historical hydrographic data is 25_+10 years, which translates into a decrease of 0.6 to 1.3% per year in the gyre rotation rate. In addition, over most of the South Indian subtropical gyre, SSTs have increased by 0.25°C since the 1950s (Bindoff and McDougall, 2000) . The combined wanning (increased stratification) and reduction of the gyre rotation rate (shallower pycnocline/nutricline) should induceabiologicalresponse. However, thetwo effectswouldtendto haveopposing influencesonverticalnutrientfluxes.
CurryandMcCartney (2001)showevidence thatvariabilityin the intensityof the NorthAtlanticgyrecirculationis relatedto theNAO. Thetransport index,derivedfromthe differences in potential energyanomalybetween the central Labrador Basin and Bermuda, showed significant decadal variability related to the NAO. There was also an upward trend in transport during 1970-1995 of 0.8 Sv (20 Sv/25 years), which translates into 1.6%/yr increase in the strength of the gyre. This transport trend is comparable in magnitude to the 2.0%/yr upward trend in the fractional size of the oligotrophic waters inside the North Atlantic gyre. This trend correlation implies a coupling between the gyre circulation and upper-ocean nutrient supply. The positive state of the NAO index in the 1970s and 1990s reflect enhanced midlatitude westerlies, with related shifts in air-sea exchanges of heat, freshwater, and momentum (Curry and McCartney, 2001) . Since the gyres are wind and buoyancy forced, the North Atlantic gyre's strength and size would be enhanced accordingly.
As the gyre strengthens, the pycnocline, and, consequently, the nutricline, deepens in response to baroclinic adjustment and increased downwelling via Ekman pumping. Thus, renewal of nutrients via vertical mixing is reduced and chl-a concentration should diminish as a result.
Conclusions
The dynamic and biological gyre centers are not collocated. The location of the minimum chlorophyll concentration is a better indicator of the maximum nutricline depth than the location of the maximum dynamic height. Within the biological center of the gyres, photoadaptation is the most probable mechanism for chl-a enhancement during winter because nutrient renewal in the euphoric zone is limited due to the nutricline being much deeper than the mixed layer.
The 6-year time series of ocean color from OCTS and SeaWiFS data reveal large seasonal variability in the extent of the low chlorophyll regions of the gyres. Vertical mixing, Ekman pumping, and thermocline displacement are the main driving mechanisms for the observed seasonal changes in chlorophyll concentration. The Indian Ocean subtropical gyre has a unique seasonal behavior in response to physical forcing. The chl-a concentration increases with downwelling intensification. The increase in chl-a coincides with the northward migration of the subtropical front in austral winter, which increases the transport of nutrients to the gyre region. Systematic trends in chl-a distribution suggest that the northern hemisphere gyres are expanding and becoming more oligiotrophic, while the southern hemisphere gyres are shrinking and becoming less oligiotrophic. Although the available ocean color record is still too short to unambiguously relate these trends in biomass to climate variability, some consistent dynamic patterns related to known climate cycles (PDO, NAO, ACW) are beginning to emerge. A longer ocean record (q0 years) will be required to establish a more concrete correlation between the long-term variability of the subtropical gyres and climate trends. The exact nature of the couplings will require modeling studies in addition to the collection and analysis of longer satellite and in situ data records. The analyses presented herein are intended to simply highlight the possible connections between biological and physical variability in the subtropical gyres on seasonal and interannual time scales.
regionssurrounding it is mostsensitive to NAO-related climatefluctuations; in this region evensmallchanges in thedepthof wintermixing candetermine whetherthemixedlayer penetrates thenutricline (Oschlies, 2001) . TheACW hasits majorsourcein thewesternsubtropical SouthPacificwhere interannual anomalies in SSTandpreciptable waterform (Peterson andWhite,1998) .Once established, theseinterannual anomalies, in tandemwith anomalies in SLP,movesouth towardthe Southern Oceanandmigrateeastward aroundtheglobethrougha combination of oceanicadvection with AntarcticCircumpolar Current(ACC)andocean-atmosphere coupling.It takes8-10yearsfor thewavepatternto circleAntarctica. Largeportionsof the interannual SSTanomalies advect northwardintotheSouthAtlanticandIndianOceans, ultimatelyreachingthetropicsin eachbasin6-8yearsafterappearing in thelow-latitude Pacific. Jacobs andMitchell (1996) showedpersistent SSH,wind stress curl (WSC),andSST anomalies propagating eastward abouttheAntarcticcontinent consistent with theACW behavior. Duringthe observation timeperiod (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) , the SSHappeared quasi-periodic with adominant 4 yearperiodand180°longitudewavelength. TheWSCanomalies were about45°longitudefarthereastthanthe SSHanomalies, with theWSCleadingSSHby about 1/4cycle.TheSSHandSSTwerein phase. Theoceancirculationvariationsimpliedby the SSHanomalies haveimplicationsfor possible dynamics thatmaybecoupledwith the SST anomalies (Jacobs andMitchell, 1996) . The zonal SSHgradients implymeridional transports thatadvect thelargescalemeantemperature field. Thus,the ACWmayhaveanimpactonthe positionof thesubtropical front (STF),which may,in turn,affectadvective fluxesinto the gyreregions. Thepassage of the ACW,with its associated changein SSTandMLD, also substantially affectstheregional ratesof gasexchange, verticalmixing,andbiologicalexport of carbon (LeQuereet al., 2000; Louanchi and Hoppema, 2000) .
